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Abstract: Long-term variations of phytoplankton chlorophyll-a (Chl-a), nutrients, and suspended 
solids (SS) in Taihu Lake, a large shallow freshwater lake in China, during algal bloom seasons from 
May to August were analyzed using the monthly investigated data from 1999 to 2007. The effective 
accumulated water temperature (EAWT) in months from March to June was calculated with daily 
monitoring data from the Taihu Laboratory for Lake Ecosystem Research (TLLER). The 
concentrations of Chl-a and nutrients significantly decreased from Meiliang Bay to Central Lake. 
Annual averages of the total nitrogen (TN), total phosphorus (TP), and Chl-a concentrations, and 
EAWT generally increased in the nine years. In Meiliang Bay, the concentration of Chl-a was 
significantly correlated with EAWT, ammonia nitrogen ( +4NH -N ), TN, the soluble reactive 
phosphorus (SRP), TP, and SS. In Central Lake, however, the concentration of Chl-a was only 
correlated with EAWT, TP, and SS. Multiple stepwise linear regression revealed that EAWT, 
dissolved total phosphorus (DTP), and TP explained 99.2% of the variation of Chl-a in Meiliang 
Bay, and that EAWT, +4NH -N , and TP explained 98.7% of the variation of Chl-a in Central Lake. 
Thus EAWT is an important factor influencing the annual change of phytoplankton biomass. 
Extreme climate change, such as extremely hot springs or cold springs, could cause very different 
bloom intensities in different years. It is also suggested that both nutrients and EAWT played 
important roles in the growth of phytoplankton in Taihu Lake. The climate factors and nutrients 
dually controlled the risk of harmful algal blooms in Taihu Lake. Cutting down phosphorus and 
nitrogen loadings from catchments should be a fundamental strategy to reduce the risk of blooms in 
Taihu Lake.     
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1 Introduction 
Freshwater lakes undertake an important ecological function for human beings in terms 
of their ecological and societal values, including water supply, sewage disposal, fisheries, 
flood protection, and recreation (Moss et al. 1996; Guo 2007). The algal bloom is one of the 
most common problems reducing the ecological value of freshwater bodies (Khan and Ansari 
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2005; Moss et al. 1996; James et al. 2009). Widespread dominance of Microcystis spp. in 
various lakes of the world has been explained by temperature, underwater light (turbidity, 
suspended solids (SS), or Secchi depth (SD)), nutrients, buoyancy regulation, and zooplankton 
grazing or fish grazing (Reynolds et al. 2001; Schindler 2006; Guo 2007). 
Generally, the amplification of algal blooms has long been recognized as the result of 
increasingly imported nutrients, mainly nitrogen and phosphorus (Paerl and Fulton 2006; 
James et al. 2009). Water temperature also directly affects the growth of algae (Stella et al. 
2007). For example, Paerl and Huisman (2008) showed that rising temperature favors harmful 
algal blooms. Reynolds (2006) found that cyanobacteria grows better in high-temperature 
(often above 25°C) environment than other phytoplankton species such as diatoms and green 
algae, and cyanobacterial blooms may increase water temperature conversely through 
intensifying the absorption of light. 
Taihu Lake, the third largest freshwater lake in China, has been heavily studied for its 
eutrophication and algal blooms (Qin and Zhu 2006; Qin et al. 2007; Guo 2007; Qin 2008, 
2009; Yang et al. 2008; Xu et al. 2010). Changes of the water quality of Taihu Lake during the 
last 30 years, including increases of the frequency and magnitude of algal blooms, have been 
blamed on more nutrients from rivers and farming (Gao et al. 2004; Qin et al. 2007). Besides 
higher nutrients contents, the extremely warm weather combined with local wind conditions 
favored the expansion of blooms (Qin et al. 2010). Duan et al. (2009) found a correlation 
between higher spring temperature and earlier occurrences and more serious blooms in Taihu 
Lake. However, more detailed and quantitative relationship between water temperature and 
algal blooms in the lake is still unknown.  
Accumulated temperature and effective accumulated temperature are common indicators 
used in the field of growth of crops and insects (Bunting 1976; Ma et al. 2008). The tight 
correlation between the recruitment of phytoplankton and effective accumulated temperature 
has been reported both in laboratory and field studies on Taihu Lake (Cao et al. 2008; Liu et al. 
2011). But few researchers have quantitatively determined the relationship between algal 
blooms and both temperature and nutrients. Therefore, the objectives of this study were: (1) to 
use the monthly and daily monitoring data to evaluate annual changes of and links between 
chlorophyll-a (Chl-a), nutrients, and the main physical environmental parameters during algal 
bloom seasons from 1999 to 2007, and (2) to obtain the relative importance of temperature and 
nutrients on the intensity of Microcystis blooms in Taihu Lake. 
2 Methods 
2.1 Study site 
Taihu Lake is located in the Yangtze River Delta between 30°56ƍN and 31°32ƍN and 
between 119°54ƍE and 120°36ƍE (Fig. 1) with a mean depth of 1.9 m, a volume of 4.4 km3, an 
area of 2 338 km2, and a catchment area of 36 500 km2 (Li et al. 1994; Qin et al. 2010). It is 
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located in a subtropical monsoon zone with prevailing southeast wind in summer and northwest 
wind in winter. There are in total more than 200 brooks, canals, and rivers connected to the 
lake, and the annual water input is about 7.6 km3 (Qin et al. 2007). There are several large 
cities, such as Shanghai, Suzhou, and Wuxi, around the lake, and about 40 million people live 
in the watershed. Taihu Lake played an important role in water supply and flood protection, 
with fisheries, shipping, and tourism being additionally important economic functions. It is also 
a repository for sewage from urban areas and nearby agricultural and industrial segments due to 
rapidly growing local economy (Duan et al. 2009; Qin et al. 2010). 
 
Fig. 1 Location of Taihu Lake and distribution of sampling sites in Meiliang Bay and Central Lake 
During the 1960s, the water quality of Taihu Lake was quite good and there were no 
reports about algal blooms in the open region of the lake (Sun and Huang 1993). Since the 
mid-1980s, with the rapid growth of the local economy and nutrient input to the lake, blooms 
of Microcystis spp. have been occurring every summer in Meiliang Bay in the northern part of 
Taihu Lake (Shi and Zai 1994; Qin et al. 2007). Monthly monitoring data of water quality and 
the phytoplankton community of Taihu Lake since 1991 shows highly different temporal and 
spatial distributions of water quality and blooms (Qin et al. 2007; Zhang et al. 2007; Duan    
et al. 2009). 
Meiliang Bay, one of the main drinking water sources for Wuxi City, is one of the most 
eutrophic bays in the northern part of Taihu Lake. The surface area of the bay is about 124 km2. 
There are two main rivers, the Liangxi River and the Zhihugang River, connected to the bay. 
Meiliang Bay, with high nutrient concentrations, is relatively isolated and has more serious 
algal blooms, while Central Lake is further away from the inflowing rivers and has stronger 
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wind disturbance, so algal blooms are not so serious. 
2.2 Data collection 
All the water quality and water temperature data of Taihu Lake were collected from the 
Taihu Laboratory for Lake Ecosystem Research (TLLER). TLLER launched monthly water 
quality and phytoplankton monitoring and daily water temperature recording in 1991. The data 
at three sites in Meiliang Bay (B1, B2, and B3 in Fig. 1) and two sites in Central Lake (C1 and 
C2 in Fig. 1) have been included to represent the surface water variables during algal bloom 
seasons. Physical parameters such as SD and pH were measured in the field. SS and chemical 
variables such as the concentrations of total nitrogen (TN), dissolved total nitrogen (DTN), 
ammonium nitrogen ( +4NH -N ), nitrate nitrogen ( 3NO -N
− ), total phosphorus (TP), dissolved 
total phosphorus (DTP), soluble reactive phosphorus (SRP), and Chl-a were determined in the 
laboratory according to the Standard of Lake Eutrophication Survey (Jin and Tu 1990). 
About 300 mL of lake water was filtered with a glass membrane (GF/C) (Whatman, U.K.) 
to determine DTN and DTP. After digestion with alkaline potassium persulphate, TN and DTN 
were analyzed spectrophotometrically at a wavelength of 210 nm. TP and DTP were analyzed 
at 700 nm with the molybdenum blue method (Murphy and Riley 1962). +4NH -N , 3NO -N
− , 
and SRP were analyzed with a Skalar SAN++ flow injection analyzer (Skalar Co., Netherlands). 
Chl-a was determined spectrophotometrically at wavelengths of 665 nm and 750 nm after the 
thawed GF/C filters were extracted from 90% hot ethanol (Lorenzen 1967; Chen et al. 2006), 
and the concentration of Chl-a, which was an indicator of phytoplankton biomass, was 
calculated based on the difference of absorbance values (Lorenzen 1967). 
Water temperature at 0.5 m below the surface was measured three times every day (at 
8:00, 14:00, and 20:00) at the coastal area of Taihu Lake 100 m away from the shore near 
TLLER (site A in Fig. 1). The mean value of the three water temperature values was used as 
the daily water temperature of Taihu Lake. Since the 1990s, Cyanophyta have become the 
predominant species, especially during the bloom season. Generally, cyanobacteria grow 
rapidly when the water temperature is between 18ºC and 20ºC (Karlsson and Brunberga 2004; 
Cao et al. 2008), which is consistent with the result that Microcystis dominated in Meiliang 
Bay, in Taihu Lake, during the warmest periods of a year when the water temperature was in 
the range of 18.2ºC to 32.5 ºC (Chen et al. 2003). We defined the effective accumulated water 
temperature (EAWT) as the sum of daily water temperature minus 17ºC, which was calculated 
only when water temperature was over 17ºC. Extreme climate change, such as extremely hot 
springs or cold springs, combined with nutrients, affects the timing and magnitude of events 
during the spring succession of phytoplankton, and this effect is posterior to the change of 
water temperature (Stella et al. 2007; Paerl and Huisman 2008; Duan et al. 2009). Therefore, 
we selected the earlier period of EAWT (from March to June) to study its influence on algal 
blooms (from May to August). 
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2.3 Statistical methods 
Multivariate data analysis was performed using SAS version 9.1 for Windows. Long-term 
developments of Chl-a and nutrients were calculated using the monthly averages (from May to 
August) of the three/two sampling sites in Meiliang Bay/Central Lake. The sum of the positive 
values of the daily water temperature from March to June minus 17ºC is EAWT. The annual 
spatial and temporal difference was compared using the one-way analysis of variance 
(ANOVA). A t-test was performed to detect the overall significant differences between 
Meiliang Bay and Central Lake. Multivariate statistical analysis was used to calculate the 
correlation coefficients between Chl-a and nutrients and between Chl-a and EAWT. 
3 Results 
3.1 Spatial and temporal variation of Chl-a 
The concentrations of Chl-a varied between 2.62 ȝg/L and 150.66 ȝg/L during the bloom 
seasons of 1999 to 2007 (with a maximum value occurring in Meiliang Bay in June 2007 and 
a minimum value occurring in Central Lake in August 1999). The concentration of Chl-a was 
significantly higher in Meiliang Bay than in Central Lake (P < 0.01, where P is the Pearson 
significance level). The Chl-a concentrations in both Meiliang Bay and Central Lake increased 
during the nine years, and increased relatively more in Meiliang Bay than in Central Lake  
(Fig. 2). The Chl-a concentration in Meiliang Bay reached a peak value in the bloom season of 
2007, with a mean value of 51.13 ȝg/L. This was due to the outbreak of a massive bloom near 
a water intake in Gonghu Bay (Qin et al. 2010). It is of interest to note that during the algal 
bloom seasons of 2005 to 2007, the Chl-a concentrations in Central Lake were higher than 
those in Meiliang Bay in 1999, and algal blooms have been expanding from Meiliang Bay to 
Central Lake since 2005 (Zhu 2009). 
 
Fig. 2 Annual mean values of Chl-a concentration in Meiliang Bay and Central Lake 
3.2 Annual trends of nutrients, SS, and SD 
Fig. 3 shows the annual mean values of nutrient concentrations, SS concentration, and SD 
in Meiliang Bay and Central Lake from 1999 to 2007.  
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Fig. 3 Concentrations of nutrients and SS, and SD in Meiliang Bay and Central Lake from 1999 to 2007 
The TN and TP concentrations increased a lot in the two zones, and increased more in 
Meiliang Bay than in Central Lake (Figs. 3(a) and (b)). The TN concentration ranged from  
0.76 mg/L to 8.34 mg/L (with a maximum value occurring in Meiliang Bay in June 2007 and a 
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minimum value occurring in Central Lake in August 2000). The TP concentration ranged from 
0.01 mg/L to 0.42 mg/L (with a maximum value occurring in Meiliang Bay in June 2007 and a 
minimum value occurring in Central Lake in July 1999). For TN, there were two significant 
drops in 2000 and 2005, while the TP concentration had a more smooth increasing trend than 
the TN concentration. TN and TP had similar spatial and temporal trends with Chl-a in general, 
and both of them had significantly higher values in Meiliang Bay than in Central Lake (P < 
0.01) (Table 1).  
Table 1 Values of parameters (mean ± standard deviation) in Meiliang Bay and Central Lake          
during algal bloom seasons  
Area 
Chl-a TN DTN +4NH -N 3NO -N−  
Concentration 
(ȝg/L) P 
Concentration 
(mg/L) P 
Concentration 
(mg/L) P
Concentration 
(mg/L) P 
Concentration 
(mg/L) P 
Meiliang Bay 26.93±24.19
<0.01
2.91±1.49 
0.01
1.94±1.18 
NS
0.16±0.18 
<0.01 
0.93±0.71 
NS 
Central Lake 11.16±11.26 2.38±0.97 1.89±0.92 0.08±0.11 0.99±0.66 
Area 
TP DTP SRP SS SD 
Concentration 
(mg/L) P 
Concentration 
(mg/L) P 
Concentration 
(mg/L) P
Concentration 
(mg/L) P m P 
Meiliang Bay 0.120±0.080
<0.01
0.028±0.015 
0.05
0.006±0.008
<0.01
50.46±29.25
NS 
0.41±0.20 
NS 
Central Lake 0.075±0.030 0.018±0.010 0.004±0.003 55.35±31.07 0.38±0.22 
Note: NS means that the difference between the values in Meiliang Bay and Central Lake was not significant. 
Changes of DTN, +4NH -N , and 3NO -N
−  concentrations were very irregular. The reason 
could be owing to the lack of nitrogen supplied to phytoplankton during bloom seasons    
(Xu et al. 2010). Generally, DTN, +4NH -N , and 3NO -N
−  had peak values in 2004 (Figs. 3(c), 
(e), and (f)). Both the concentrations of DTN and 3NO -N
−  in Meiliang Bay showed similar 
values with those in Central Lake (Figs. 3(c) and (f)). However, the +4NH -N  concentration in 
Meiliang Bay was much higher than that in Central Lake (P < 0.01) (Table 1). One reason for 
the higher +4NH -N  concentration in the bay than in Central Lake is the different 
hydrodynamic disturbances. Less intensive wind-wave disturbance in the bay will cause more 
frequent anoxic status at the water bottom (Zhu et al. 2008), resulting in more +4NH -N  
released from the bottom sediment. The DTN/TN ratio in Central Lake was higher than that in 
Meiliang Bay. Both of the trends of TN and DTN concentrations rose until 2004 then dropped 
from 2005 to 2007, but the difference between the two areas changed a lot in different years 
(Fig. 3(h)). 
The TP concentration in Meiliang Bay increased significantly from 2005 to 2007, while it 
did not increase so much in Central Lake as it did in Meiliang Bay from 1999 to 2004     
(Fig. 3(b)). The trends of DTP were similar to TP. The ratios of DTP/TP in Meiliang Bay and 
Central Lake were similar (Fig. 3(i)). The concentration of SRP in Meiliang Bay was 
significantly higher than in Central Lake (P < 0.01) (Table 1). 
There was no significant differences in SS and SD between Meiliang Bay and Central 
Lake (Table 1 and Fig. 3). SS increased year by year, while SD decreased year by year. Both of 
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them gave a stong signal that the lake became more and more turbid during the nine years. 
3.3 Annual variation of EAWT 
EAWT showed an increasing trend during the initial algal bloom seasons (Fig. 4). It 
increased from 335.2ºC in 1999 to 551.6ºC in 2000, then decreased year by year until 2002, 
and increased again to 655.4ºC in 2007. The concentrations of Chl-a and TP have similar 
trends with EAWT in Meiliang Bay, but the peak value of EAWT in 2000 is much larger than 
Chl-a and TP (Fig. 4). In Central Lake, the changes of Chl-a, TN, TP, and DTP trends lagged 
about one year behind EAWT. No similar trends were found between EAWT and other 
nutrient concentrations, including 3NO -N
− , +4NH -N , DTN, and SRP. 
 
Fig. 4 Changes of EAWT of Taihu Lake during 1999 to 2007 
The water temperature collected from 0.5 m below the surface at site A is shown in  
Table 2, both the annual average value and annual maximum value showed peaks in 2000 and 
2007, and from 2003 they both showed an increasing trend. 
Table 2 Annual water temperature at 0.5 m below water surface in Taihu Lake 
Year Average value (ºC) 
Maximum 
value (ºC)
Minimum 
value (ºC)
Standard 
deviation Year 
Average 
value (ºC)
Maximum 
value (ºC)
Minimum 
value (ºC) 
Standard 
deviation 
1999 18.0 24.1 8.2 4.9 2004 19.5 29.7 8.8 6.1 
2000 20.1 32.0 8.7 6.1 2005 20.1 31.9 6.8 6.7 
2001 19.8 32.1 9.0 5.8 2006 20.3 32.3 6.7 6.2 
2002 19.8 29.3 8.2 5.0 2007 21.4 32.5 9.9 6.0 
2003 19.0 29.1 6.9 6.0      
3.4 Factors influencing Chl-a 
The results of stepwise multiple linear regression analysis showed that EAWT and TP 
were the main influencing factors of Chl-a, and eventually affected the growth of 
phytoplankton in both Meiliang Bay and Central Lake (Fig. 5). In Meiliang Bay, EAWT, the 
DTP concentration, and the TP concentration could explain 99.2% of the variation of Chl-a 
concentration (Fig. 5(a)):  
 Lin-lin CAI et al. Water Science and Engineering, Dec. 2012, Vol. 5, No. 4, 361-374 369
( ) ( ) ( ) ( )EAWTChl- 4.04 10.68 DTP 100 2.78 TP
100
a
Θρ ρ ρ= × − × × + ×
        
where ρ  means the concentration of parameters, and ( )EAWTΘ  is the value of EAWT. 
Therefore, phosphorus is crucial for phytoplankton growth in the bay. One reason is that 
river input is the main supplier of nitrogen during the bloom season, and Meiliang Bay 
connects to two major rivers, which means that the phytoplankton growth is not limited by 
nitrogen, but by phosphorus.  
In Central Lake, EAWT, the TP concentration, and the +4NH -N  concentration explained 
98.7% of the variation of Chl-a concentration (Fig. 5(b)): 
( ) ( ) ( ) ( )3EAWTChl- 0.58 0.06 NH -N 100 1.18 TP 100100a
Θρ ρ ρ= × − × × + × ×
 
The relationships between Chl-a and nutrient concentrations indicate that EAWT, TP, 
and DTP are important factors affecting the growth of phytoplankton in Meiliang Bay, and 
EAWT, TP, and +4NH -N  are major drivers to the changes of phytoplankton in Central Lake. 
Anyway, higher EAWT will lead to more serious algal blooms. 
 
Fig. 5 Comparison between observed and predicted Chl-a concentrations in Meiliang Bay and Central Lake 
4 Discussion 
The climate factor and nutrients controlled the risk of algal blooms in Taihu Lake. In 
different periods there are different characteristics. EAWT is a crucial parameter reflecting the 
climate factor at the early stage of Microcystis blooms. Based on the statistic analysis of the 
relationship between phytoplankton biomass and EAWT/nutrients, it could be concluded that 
both EAWT and nutrients could strongly influence the development of algal blooms. 
4.1 Influence of EAWT on phytoplankton biomass 
Lots of studies have shown that water temperature often plays an important role in the 
growth of phytoplankton (Paerl and Fulton 2006; Stella et al. 2007; Duan et al. 2009). Liu et al. 
(2011), using the 11-year records of environmental data (from 1992 to 2002) and 
phytoplankton species, found that high water temperature was the principal force driving 
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Microcystis blooms. As daily water temperature fluctuated frequently with weather conditions, 
and the growth of phytoplankton normally related to long-term climate conditions instead of 
short-term weather conditions, we replaced water temperature with EAWT to study the 
relationship between water temperature and bloom intensity. 
EAWT showed an increasing trend in general in initial algal bloom seasons from 1999 to 
2007, and at the same time Chl-a had a similar trend in Meiliang Bay. This may imply that the 
annual variation of phytoplankton was affected by EAWT. In the view of a whole year, the 
higher the value of EAWT is, the stronger the algal bloom is. 
The relationships between Chl-a and EAWT in Meiliang Bay and in Central Lake are 
presented in Table 3 and Table 4, respectively. Both in Meiliang Bay and in Central Lake, 
Chl-a was significantly correlated with EAWT. Besides EAWT, Chl-a was also significantly 
correlated with TP, TN, +4NH -N , SRP, and SS in Meiliang Bay, while it was only correlated 
with TP and SS in Central Lake. The relationship between Chl-a and SS should be interpreted 
by the contribution of algal blooms to SS. 
Table 3 Kendall rank correlation coefficients of parameters in Meiliang Bay 
Parameter Chl-a EAWT +4NH -N  3NO -N
− DTN TN SRP DTP TP 
EAWT   0.78**         
+
4NH -N    0.61
*  0.39        
3NO -N
−  í0.06 í0.28 0.33       
DTN  0.24  0.05 0.43   0.71*      
TN   0.72**  0.50 0.67*  0.22 0.43     
SRP  0.57*  0.51 0.40  0.11 0.24  0.63*    
DTP 0.39  0.39 0.10  0.20 0.10 0.49  0.68*   
TP   0.89**  0.67* 0.50  0.05 0.33  0.83**  0.57* 0.49  
SS   0.89**  0.78** 0.50 í0.05 0.24 í0.70** í0.49 0.39 0.89** 
n 9 9 9 9 7 9 9 7 9 
Note: * and ** mean significance levels of P < 0.05 and P < 0.01, respectively, and n means the number of statistic data. 
Table 4 Kendall rank correlation coefficients of parameters in Central Lake 
Parameter Chl-a EAWT +4NH -N  3NO -N
− DTN TN SRP DTP TP 
EAWT  0.56*         
+
4NH -N   0.23  0.11        
3NO -N
−   0.11 í0.11 0.34       
DTN  0.14  0.24 0.05  0.81*      
TN  0.44  0.11 0.34  0.67*  0.81*     
SRP í0.03  0.21 0.22 í0.09 í0.10 0.03    
DTP  0.14  0.05 0.55 í0.14 í0.14 0.05 0.51   
TP   0.69*  0.34 0. 41  0.17  0.20 0.51 0.22 0.29  
SS   0.61*  0.50 0.40  0.28  0.43 0.50 0.09 0.24 0.69* 
n 9 9 9 9 7 9 9 7 9 
Note: * means significance levels of P < 0.05. 
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The variability of EAWT can be considered a major climate factor contributing to the 
changes of Chl-a. The effects of EAWT on Chl-a have been demonstrated both in Meiliang 
Bay and Central Lake, where EAWT was positively correlated with Chl-a. The relationship 
between Chl-a and EAWT in Central Lake, where less nutrients are available (Table 1 and  
Fig. 3), was not as significant as that in Meiliang Bay. This may be due to there being more 
factors influencing phytoplankton growth in Central Lake than in Meiliang Bay. For example, 
nutrients also limited the phytoplankton biomass and the bloom intensity in Taihu Lake (Xu  
et al. 2010). It must be pointed out that the SRP concentration was often lower than 0.005 
mg/L in Central Lake, and the TN/TP ratio was higher than 25 (Fig. 3), which showed that 
phosphorus could be a limitation factor for growth of phytoplankton (Schindler 1977). Wind 
disturbance was also much stronger in Central Lake than in Meiliang Bay. Stronger wind leads 
to higher turbidity, which more strictly limits the biomass accumulation in Central Lake than 
in Meiliang Bay of Taihu Lake (James et al. 2009), and ultimately reduced the relative weight 
of EAWT. James et al. (2009) found that the prevailing south wind from May to August in 
Taihu Lake could make the algae float from Central Lake to Meiliang Bay, which contributed 
to the concentration of Chl-a in Meiliang Bay, and redistribute the spatial pattern of the 
phytoplankton biomass. This also weakens the importance of water temperature to 
phytoplankton growth. 
There was a significant increase of EAWT in 2000, while the increase of algae was not so 
great (Fig. 2 and Fig. 4). This can be caused by the graze of zooplankton. Sherr et al. (1992) 
noted the importance of micro-grazers as dominant consumers of phytoplankton in eutrophic 
oceans. Higher EAWT during spring bloom periods may improve the grazing rate of herbivore 
of ciliate communities (Aberle et al. 2007). Combined with the grazing impacts on 
phytoplankton, the increase of algal biomass was less than that of EAWT. In Central Lake, the 
change of Chl-a lagged about one year behind EAWT, which may have been caused by the 
lower nutrient contents, and the influence of EAWT on algae did not occur until enough 
nutrients were supplied to phytoplankton (Xu et al. 2010). The intensity of wind disturbance 
also contributed to the bloom intensity (James et al. 2009; Qin et al. 2006). 
4.2 Influence of nutrients supply on bloom intensity  
Previous studies have shown that supplies of nutrients are important factors in the growth 
of phytoplankton, and in turn, the growth of phytoplankton also affects the change of 
particular nutrients. There were high correlation coefficients between phytoplankton biomass 
and nutrient concentrations in Taihu Lake (Wang et al. 2007; Xu et al. 2010; Liu et al. 2011). 
In this study, the concentrations of nutrients and Chl-a showed similar spatial and temporal 
distribution patterns. Both TN and TP concentrations had a clear decreasing trend from 
Meiliang Bay to Central Lake (Table 1 and Fig. 3). The decreasing trend of nutrient 
concentrations from Meiliang Bay to Central Lake may relate to external nutrient loadings and 
the accumulation of phytoplankton biomass in the northern part driven by wind (Wang and 
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Liu 2005). The average values of monthly data from May to August of +4NH -N  (r = 0.61, P 
< 0.05, and n = 9), TN (r = 0.72, P < 0.01, and n = 9), SRP (r = 0.57, P < 0.05, and n = 9), and 
TP (r = 0.89, P < 0.01, and n = 9) showed significant positive linear correlations with Chl-a in 
Meiliang Bay (Table 3), while in Central Lake the correlations of Chl-a with nutrient variables 
were generally not significant except TP (r = 0.69, P < 0.05, and n = 9) (Table 4). 
With the development of agriculture around Meiliang Bay, more nitrogen and phosphorus 
fertilizers were applied to the field (Gao et al. 2004; Qin et al. 2007) and, subsequently, more 
and more nutrients were discharged into Meiliang Bay. The significant correlation between 
Chl-a and nutrients both in Meiliang Bay and in Central Lake implied that nutrients still 
strongly contributed to the biomass of phytoplankton, mainly Microcystis spp. in bloom 
seasons in Taihu Lake. This was also proved by the results from Xu et al. (2010) and Paerl   
et al. (2011). 
5 Conclusions 
Based on the long-term in situ ecological observatory data in Taihu Lake, it was revealed 
that both nutrients and EAWT were strongly correlated with the phytoplankton biomass in 
both Meiliang Bay and Central Lake. EAWT, TP, and DTP were responsible for 99.2% of the 
variation of Chl-a in Meiliang Bay, and EAWT, TP, and +4NH -N  explained 98.7% of the 
variation of Chl-a in Central Lake. This suggested that the variability of EAWT among 
different years caused by climate change could be a considerable climate factor of 
determination for the intensity of algal blooms in Taihu Lake. EAWT from March to June is a 
relatively more stable and predictable parameter than air temperature, so it could be useful 
information for the prediction of future algal blooms. 
It was found that nutrient concentrations, especially the TP and +4NH -N  concentrations, 
also significantly controlled the intensity of blooms, and partially determined the risk of 
harmful bloom events in Taihu Lake and similar lakes. It is hard to control the change of 
climate for human beings. What we can do against algal blooms is to cut down the nutrient 
input step by step. On the other hand, both the climate and nutrient factors affects the risk of 
harmful algal blooms in Taihu Lake. It is important to consider the two factors during the 
analysis of future patterns of blooms. 
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